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outlet communicating with the chamber. A valve 1s disposed
in the inlet and 1s integrally formed with the housing, such
that the valve and the housing are formed as a one-piece unit.
In a preferred embodiment, the housing further comprises an
exhaust port and an exhalation valve disposed 1n the exhaust
port, with a shield disposed around the exhaust port. In
another aspect, a method of manufacturing a mask also 1s
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1
MASK WITH INHALATION VALVE

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/289,485, filed May &8, 2001, the
entire disclosure of which 1s hereby incorporated by refer-
ence.

BACKGROUND

The invention relates generally to masks, and 1n particu-
lar, to a mask having an inhalation valve.

Masks are commonly used to administer various gases or
substances in acrosol form. Typically, such masks include an
inlet, which can be connected to a gas source or aerosol
delivery device, such as a holding chamber or spacer, and an
outlet, which 1s shaped to receive or fit over a portion of the
face of the user. Often, the delivery device will include a
one-way valve, which 1s actuated upon inhalation by the
user. Alternatively, the inhalation valve 1s disposed in the
inlet opening of the mask, and will open upon 1nhalation by
the user so as to ensure that the gas or aerosolized substance
1s properly administered to the user. As such, the inhalation
valve reduces the importance of coordination between actua-
fion and mhalation. Typically, the inhalation valve 1s manu-
factured as a separate piece that 1s secured to the mask in the
inlet thereof during the assembly process. As such, multiple
parts must be made, mnventoried and assembled. Other
masks may also mnclude an exhaust port, which 1s typically
configured with an exhaust valve. Again, the valve 1s typi-
cally configured as a separate part.

SUMMARY

Briefly stated, one aspect of the invention 1s directed to a
mask for use 1n 1nhaling a substance. The mask includes a
mask housing defining a chamber. The housing has an inlet
and an outlet communicating with the chamber. A valve 1s
disposed 1n the inlet and 1s integrally formed with the
housing, such that the valve and the housing are formed as
a one-piece unit. In a preferred embodiment, the 1nhalation
valve 1s a duck-bill valve.

In another aspect of the invention, a channel 1s formed
around the inlet of the housing. A substance delivery device
includes an output end that 1s disposed in the channel.

In another aspect of the invention, the housing further
comprises an exhaust port. Preferably, the exhaust port is
spaced from the inlet. In a preferred embodiment, an exha-
lation valve 1s disposed 1n the exhaust port.

In yet another aspect, the housing has an interior defining
the chamber and an exterior. A shield 1s disposed around the
exhaust port on the exterior of said housing. Preferably, the
shield 1s mtegrally formed with the housing and inhalation
valve.

In another aspect, a method of manufacturing a mask
includes molding a one-piece mask comprising a mask
housing defining a chamber and an inhalation valve. The
housing includes an inlet and an outlet communicating with
the chamber. The 1inhalation valve 1s disposed 1n the 1nlet and
1s 1ntegrally formed with the mask housing.

The present invention provides significant advantages
over other masks. In particular, by forming the housing and
inhalation valve as a one-piece unit, the mask can be made
simpler and at lower cost, since separate parts and assembly
are no longer required. In addition, the shield disposed
around the exhalation valve further discourages the user and
others from touching or otherwise handling the exhalation
valve. As such, integrity of the exhalation valve 1s more
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casily maintained, and the mask i1s thereby made more
robust. Moreover, the channel formed around the inlet
provides a simple, robust structure for engaging the output
end of a substance delivery device, such as an aerosol
holding chamber.

The present 1nvention, together with further objects and
advantages, will be best understood by reference to the
following detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of a holding
chamber and a mask.

FIG. 2 1s a cross-sectional view of a holding chamber
engaged with a mask.

FIG. 3 1s a front elevation view of one embodiment of a
mask.

FIG. 4 15 a cross-sectional view of the mask taken along
line 4—4 1 FIG. 3.

FIG. 5 1s a front perspective view of an alternative
embodiment of the mask.

FIG. 6 1s a rear perspective view of the mask shown 1n

FIG. 5.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Referring to FIGS. 1 and 2, an apparatus 2 for delivering,
a substance to a user 1s shown as including a holding
chamber 4 and a mask 10. It should be understood that the
term “substance” means any gas, liquid or solid, including
acrosols, and includes various medicines such as beta ago-
nists, which are commonly administered by metered dose
inhalers (MDI’s) as disclosed in U.S. Pat. No. 5,645,049,
which 1s hereby incorporated by reference. The mask 10 can
be configured to be attached to any number of delivery
devices, mcluding aerosol delivery devices that comprise
MDI’s, or other apparatus that 1s suited to produce an
acrosol or are attached to MDI’s. Examples of these devices
are holding chambers and spacers and delivery devices with
an 1ntegrated actuator, such as the devices shown 1 U.S.
application Ser. No. 09/287,997, filed Apr. 7, 1999, and
entitled “Aerosol Medication Delivery Apparatus and Sys-
tem,” which 1s hereby incorporated herein by reference.

Referring to FIGS. 2-6, the mask 10 includes a housing,
44 having an exterior 16 and an interior 12 defining a
chamber 34. The housing includes an upper portion 56 and
a lower portion 58, which 1s generally conically shaped. The
upper portion 56 1s shaped to recerve the nose of the user and
forms m part the chamber 34. The housing 44 further
includes a plurality of openings, imncluding at least one inlet
20, at least one outlet 18 and at least one exhaust port 22. A
bumper 14 1s formed around a periphery of the outlet 18 and
1s adapted to engage the face of a user. It should be
understood that the term “plurality” means two or more. The
mask may include a plurality of inlets, outlets and exhaust
ports. The exhaust port 22 1s preferably spaced along the
housing from the inlet 20 such that the inlet 1s not coaxial
with the exhaust port.

The exhaust port 22 preferably includes an opening 46
having a plurality of spokes 24 extending radially from a
center portion 26. The spokes 24 and a peripheral portion of
the housing surrounding the opening 46 form a valve seat.
An exhalation valve 60 1s disposed over the opening 46 1n
the exhaust port. The exhalation valve 60 1s preferably
one-way, meaning that 1t permits the user to exhale and
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exhaust air from the interior of the housing to the exterior
thereof, but does not permit air to enter into the chamber
through the exhaust port. In one embodiment, the exhalation
valve includes a valve head 64 that 1s seated on the valve
secat, so as to prohibit air from entering the chamber through
the exhaust port, and a stem 62 that 1s connected to the center
portion 26. Alternatively, the exhalation valve can be con-
figured as a one-way duckbill valve, which can be made
separately from the housing, or can be integrally formed
therewith. Various configurations of the exhalation valve are
disclosed 1n U.S. Pat. Nos. 5,988,160 and 5,645,049, the
entire disclosures of which are hereby incorporated herein
by reference.

Referring to FIGS. 2—4 and §, a shield 28 1s formed on the
exterior of the housing and extends around the exhaust port
22. The shield preferably forms a cavity 32 or chamber in
which the exhalation valve 1s located. The shield 28 1s
preferably shaped as a “bubble,” at least a portion of which
1s spherically shaped. The shield includes an inlet opening
30, which preferably has a smaller diameter than the exhaust
port and which preferably 1s small enough so as to further
discourage the user from inserting a finger into the cavity.
The diameter of the inlet opening 1s preferably less than 10
mm. As noted above, the mask housing can include addi-
tional exhaust port openings suited for additional exhalation
valves, and the 1llustration of a single valve 1s exemplary
rather than limiting. The preferred embodiment 1s config-
ured with only a single exhaust port 22, which 1s preferably
located above the inlet 20 during the normal operation of the
mask.

Referring to FIGS. 3 and 4, the mask further includes an
inhalation valve 38 disposed in the inlet 20, which 1is
preferably defined by a tube 36 that extends from the
housing 44 and communicates with the chamber 34. In a
preferred embodiment, the inhalation valve 38 1s itegrally
molded with the mask housing 44 in the inlet 20. In a
preferred embodiment, shown 1 FIG. 4, the mask housing,
44, 1nhalation valve 38, exhaust port 22 and shield 28 can be
integrally molded or formed as a one-piece unit or member
from a substantially homogenous material. The one-piece
mask 1s preferably injection molded. For example, a mold 80
can be used to form the mask. The mask housing 44,
inhalation valve 38, exhaust port 22 and shield 28 be molded
from any elastomeric material, including, without limitation,
silicone, rubber and thermoplastic elastomers. The preferred
material 1s silicone.

In alternative embodiments, the inhalation valve can also
be aflixed to the mask housing by other means, for example
with adhesives or by heat sealing. The mask 1s intended for
use with aerosol delivery devices that require an inhalation
valve, which can be omitted from the delivery apparatus
when the mask 1s configured with an inhalation valve.
Alternatively, the inhalation valve component of the aerosol
delivery device 1s located at the output end of the chamber
component of the device. The output end typically will
comprise a valve seat and a means of retaining the valve 1n
place. The retaining means are generally located on the
inside of a mouthpiece or mask adapter, which 1s attached to
the output end of the chamber after the valve has been
secated.

The 1nhalation 38 valve opens upon inhalation allowing
the user to inhale the substance, such as an aerosol, retained
in the chamber 8 of the holding chamber component of the
acrosol delivery device. The inhalation valve 38 reduces the
importance of coordination between actuation and inhala-
tion, 1n that a device, such as an MDI, can be actuated to
release a dose of substance mnto chamber 8, where 1t 1s
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retained until the user inhales the substance. As such, the
user does not have to inhale at the same time they are
actuating the device. The holding chamber 4 preferably
includes a cylindrical tube 6 or outlet that extends from the
output end and which engages and 1s connected to the mask
10. As shown 1 FIGS. 1 and 2, one embodiment of the
housing includes an outer tube 40 formed circumfierentially
around the inlet tube 36, so as to form a groove or channel
42 therebetween. The cylindrical outlet tube 6 of the cham-
ber 1s 1nserted 1nto the circular channel 42 with a friction fit
between the inner and outer tubes 36, 40. It should be
understood that the chamber outlet tube 6 can be simply
fitted around the 1nner tube 36, without the need for the outer
tube. Preferably, the outer tube 40 1s integrally formed or
molded with the housing. In an alternative embodiment, the
chamber tube has a diameter slightly less than the diameter
of the inlet opening 20, such that the tube fits 1nside the inner
tube 36 with a friction fit therebetween. Preferably, the
diameter of the inlet 20, otherwise defined as the inner
diameter of the tube 36, 1s about 10-30 mm, and more
preferably about 16 mm, while the outer diameter of the
inner tube 36 i1s preferably about 12-40 mm and more
preferably about 20 mm, and in one preferred embodiment
1s about 19.93 mm. Preferably, the inlet tubes 36, 40 have
lengths of about 1044 mm, and preferably 22 mm and 20
mm respectively, while the valve preferably has a length of
about 5-30 mm, and more preferably 16.27 mm.

By having the inhalation valve 38 integrally formed on
the mask with the housing 44 as opposed to being a separate
part connected to the mask or to the output end of the
chamber, the number of parts 1s reduced because there 1s no
need for a valve retaining means and/or a valve seat. As
such, the manufacturing costs are reduced, and the parts can
be assembled faster and at less cost. Moreover, since the
inhalation valve 1s preferably integrally molded with the
housing, the valve cannot be removed or displaced by the
user without considerable effort. In addition, the mask can be
sold as a standalone product for use when an inhalation
valve may be required depending on the type of usage or
therapy.

As shown 1 FIGS. 3 and 4, 1n a preferred embodiment,
the mhalation valve 38 1s configured as a duck bill valve,
which mcludes opposing tlaps that extend from the inner
tube 36 and points downstream within the inlet. The duckbill
valve 1s particularly well suited for this application since a
duckbill valve 1s self sealing, robust and does not require
valve seating when 1ntegrally formed with the mask hous-
Ing.

In an alternative embodiment, shown in FIGS. 5 and 6, the
inhalation valve 48 includes a plurality of valve flaps 50,
shown as four, which are separated by slits 52. The valve
flaps 50 fold mnward or downstream upon i1nhalation. Upon
exhalation, the valve flaps 50 are seated on a valve scat 54
formed 1n the output end of the holding chamber 4. The
valve seat can include a bafile 68 having a convex surface
70, or alternatively a concave surface, which faces upstream.

The mask 1s preferably produced 1n three different sizes.
One size suited for use by infants, the other for children, and
the last one for adults.

In operation, the mlet 20 of the mask 10 1s attached to the
output end of an aerosol delivery device, shown as the
holding chamber 4. It should be understood that the inlet
alternatively could be operably connected with a gas line or
other like delivery component. The user adjusts the mask
onto his/her face, with a portion of the user’s face, including
for example the nose and mouth, disposed through and in the
outlet 18 and extending into the chamber 34. The user then
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actuates the MDI canister, or other device that holds the
substance, and thereby produces an aerosol or releases a gas
or other substance that 1s discharged into the holding cham-
ber 4. The user then begins inhalation at which time the
inhalation valve 38 opens and allows the substance to enter
the chamber 34. The substance then exits the mask as 1t
enters 1nto the user’s mouth or nasal passageways and
ultimately into the user’s respiratory tract. During inhala-
tion, the exhalation valve 60 seals shut, with the valve head
engaging the valve seat, so as to not allow any ambient air
to enter 1into the mask chamber 34. The user then exhales at
which time the inhalation valve 38 secals shut not allowing,
any exhaled gases to enter the holding chamber 4. At the
same time, the exhalation valve 60 opens allowing the
exhaled gases to exit through the exhaust port 22 and mto the
ambient air. Many therapies generally require the user to
inhale and exhale a number of times. Accordingly, 1t may be
important for the user to cyclically inhale and exhale while
keeping the mask on at all times. This 1s achieved by having
the exhalation valve 60 disposed 1n the mask. The mask 4
can be retained on the user’s head using a strap or other
device (not shown).

Although the present invention has been described with
reference to preferred embodiments, those skilled 1n the art
will recognize that changes may be made 1n form and detail
without departing from the spirit and scope of the invention.
As such, it 1s intended that the foregoing detailed description
be regarded as illustrative rather than limiting and that 1t 1s
the appended claims, including all equivalents thereof,
which are intended to define the scope of the mvention.

What 1s claimed 1s:
1. A mask for use 1n 1nhaling a substance comprising:

a mask housing defining a chamber and having an inlet
and an outlet communicating with said chamber; and

an 1nhalation valve disposed 1n said inlet and integrally
formed with said mask housing, wherein said valve and
saidd mask housing are formed as a one-piece unit,
wherein said imhalation valve 1s moveable between
open and closed positions, and wherein said inhalation
valve 1s positioned entirely exteriorly to said chamber
and does not extend 1nto said chamber when positioned
in said open and closed positions.

2. The mask of claim 1 wherein said valve 1s a one-way
duckbill valve.

3. The mask of claim 1 wherein said mask housing further
comprises an exhaust port, wherein said exhaust port 1is
spaced from said inlet.

4. The mask of claim 3 further comprising an exhalation
valve disposed 1n said exhaust port.

5. The mask of claim 1 wherein said mask housing and
said inhalation valve are formed from a single homogeneous
piece of material.

6. The mask of claim 1 wherein said inlet comprises a
cylindrical tube, wherein said chamber 1s defined at least 1n
part by a wall, wherein at least a portion of said wall of said
chamber flares outwardly from an end of said cylindrical
tube, and wherein said 1nhalation valve 1s formed entirely
within said cylindrical tube and does not extend into said
chamber.

7. A mask for use in inhaling a substance comprising:

a mask housing defining a chamber and having an inlet
and an outlet communicating with said chamber, said
inlet defined by a first tubular wall, wherein said
housing further comprises a channel formed around an
outer surface of said inlet between said first tubular
wall and a second tubular wall, wherein said second
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tubular wall 1s formed circumferentially around said
first tubular wall 1n a radially spaced apart relationship
therewith; and

an 1nhalation valve disposed in said inlet and integrally
formed with said mask housing, wherein said valve and
said mask housing are formed as a one-piece unit.

8. The mask of claim 7 further comprising a holding
chamber comprising an outlet tube inserted 1nto said chan-
nel.

9. Amethod of manufacturing an apparatus for delivering
a substance to a user, the method comprising:

molding a one-piece mask comprising a mask housing
defining a chamber and having an inlet and an outlet
communicating with said chamber and an i1nhalation
valve disposed 1n said inlet and 1ntegrally formed with
said mask housing, wherein said inhalation valve 1s
moveable between open and closed positions, and
wherein said inhalation valve 1s positioned entirely
exteriorly to said chamber and does not extend 1nto said
chamber when positioned 1n said open and closed
positions.

10. The method of claim 9 wherein said 1nhalation valve
1s a one-way duckbill valve.

11. The method of claim 9 wherein said mask housing
further comprises an exhaust port, wherein said exhaust port
1s spaced from said inlet.

12. The method of claim 11 further comprising disposing
an exhalation valve 1n said exhaust port.

13. The method of claim 9 wherein said one-piece mask
1s made of silicone.

14. The method of claam 9 wherein said molding said
one-piece mask comprises integrally forming said mask
housing and said inhalation valve as a single homogeneous
piece of material.

15. The method of claim 9 wherein said inlet comprises a
cylindrical tube, wherein said chamber 1s defined at least in
part by a wall, wherein at least a portion of said wall of said
chamber flares outwardly from an end of said cylindrical
tube, and wherein said inhalation valve 1s formed entirely
within said cylindrical tube and does not extend into said
chamber.

16. A method of manufacturing an apparatus for deliver-
ing a substance to a user, the method comprising;:

molding a one-piece mask comprising a mask housing
defining a chamber and having an inlet and an outlet
communicating with said chamber and an inhalation
valve disposed 1n said inlet and 1ntegrally formed with
said mask housing, said inlet defined by a first tubular
wall, wherein said molding said one-piece mask com-
prises forming a channel around an outer surface of
said inlet between said first tubular wall and a second
tubular wall, wherein said second tubular wall 1s
formed circumferentially around said first tubular wall
in a radially spaced apart relationship.

17. The method of claim 11 further comprising inserting
an output end of a delivery device into said channel.

18. The method of claim 16 further comprising inserting
an outlet tube of a holding chamber 1nto said channel.

19. A mask for use 1n inhaling a substance comprising:

a mask housing defining a chamber and having an inlet
tube and an outlet communicating with said chamber;

an inhalation valve disposed in said inlet tube and inte-
orally formed with said mask housing, wherein said
valve and said mask housing are formed as a one-piece
unit; and
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a holding chamber comprising an outlet tube circumifer-
entially disposed around said inlet tube wherein at least
a portion of said inhalation valve 1s disposed 1n said
outlet tube.

20. The mask of claim 19 wherein said holding chamber
further comprises a valve seat engaging said inhalation valve
when said 1nhalation valve 1s 1n a closed position.

21. A method of manufacturing an apparatus for deliver-
ing a substance to a user, the method comprising;:

molding a one-piece mask comprising a mask housing

defining a chamber and having an inlet tube and an
outlet communicating with said chamber and an 1nha-

3

lation valve disposed 1n said inlet tube and mtegrally
formed with said mask housing; and

inserting an outlet tube of a holding chamber circumfier-
entially around said inlet tube of said mask housing

wherein said mhalation valve 1s disposed 1n said outlet
tube.

22. The method of claim 21 wherein said holding chamber
further comprises a valve seat engaging said inhalation valve

1np when said 1nhalation valve 1s 1n a closed position.
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